Cells generated in the subventricular zone give rise to neuroblasts that migrate to the olfactory bulb (OB) along the rostral migratory stream (RMS). The polysialylated form of neural cell adhesion molecule (PSA-NCAM) is expressed by these cells, and has been shown to both promote their migration and suppress differentiation induced by NCAM. In the present study, enzymatic removal of PSA from these neuroblasts using PSA-specific endoneuraminidase has been found not only to disrupt the tangential migration and cellular organization of the RMS, but also to cause a massive dispersion of BrdU (5-bromo-2Ј-deoxyuridine)-labeled neuroblasts into surrounding brain regions, including cortex and striatum. These dispersed cells are capable of differentiation, some into mature neurons, and could potentially be of value in the repair of CNS injury. Although the removal of PSA by genetic deletion of NCAM also results in a smaller OB and a swollen RMS, the cells do not escape the RMS in large numbers. These findings suggest that the presence of NCAM without PSA plays a role in the dispersion process, possibly by inducing a new pattern of migration associated with NCAM-dependent differentiation.
Introduction
New olfactory bulb (OB) neurons of adult mammals are generated from multipotent stem cells that reside mostly in the subventricular zone (SVZ) lining the lateral ventricle (Altman, 1969; Luskin et al., 1993) . SVZ cells give rise to dividing neuroblasts that migrate to the OB following a well defined pathway, the rostral migratory stream (RMS) (Lois and Alvarez-Buylla, 1994) . On reaching the OB, neuroblasts migrate radially and differentiate into interneurons of the granular and periglomerular layers (Kosaka et al., 1995; Peretto et al., 1999; Carleton et al., 2003) . RMS neuroblasts are arranged in a network of arrays or "chains" surrounded by astrocytes that envelope them, forming a tube-like structure (Peretto et al., 1997) . It has been proposed that this organization of neuroblasts allows them to use each other as a migratory substrate (Hu et al., 1996) .
The highly polysialylated form of the neural cell adhesion molecule (PSA-NCAM) is expressed by neuroblasts along the RMS (Bonfanti and Theodosis, 1994; Rousselot et al., 1995) . The presence of PSA at the cell surface is known to reduce cell-cell interactions (Rutishauser, 1998) . A role for PSA-NCAM in rostral migration has been demonstrated using NCAM-deficient mice, which have a smaller olfactory bulb and an accumulation of cells in the SVZ and RMS (Tomasiewicz et al., 1993; Cremer et al., 1994) . Similar defects are observed when PSA but not NCAM is destroyed in vivo using the PSA-specific endoneuraminidase N (endoN) (Ono et al., 1994 ).
PSA appears to influence neuroblast differentiation as well as rostral migration. This carbohydrate is downregulated once cells reach the OB and begin to migrate radially and differentiate. Furthermore, removal of PSA has been correlated with the appearance of ectopically differentiated cells within the RMS Petridis et al., 2004) , and PSA can influence cell differentiation in vitro (Decker et al., 2000; Seidenfaden et al., 2003; Röckle et al., 2008) . Mice deficient for the enzyme that synthesizes PSA (STSiaII/STSiaIV) (Eckhardt et al., 2000; Weinhold et al., 2005 ) also show migration defects, but with a more severe phenotype than the NCAM mutants, suggesting that PSA-free NCAM itself can play a role in these events.
In the present study, we initially intended to focus on the differentiation fates of 5-bromo-2Ј-deoxyuridine (BrdU)-labeled neuroblasts in endoN-treated adults. To our surprise, we found a previously undocumented consequence of PSA removal: migration of large numbers of BrdU-labeled cells out of the RMS and deep into surrounding brain regions. Migration of small numbers of cells into non-olfactory bulb regions has been observed in early postnatal rodent brain (Suzuki and Goldman, 2003; De Marchis et al., 2004; Inta et al., 2008) and adult rabbit brain (Luzzati et al., 2003) , and in response to injury (Magavi and Macklis, 2001; Arvidsson et al., 2002; Iwai et al., 2003; Goings et al., 2004; El Maarouf et al., 2006; Zhang et al., 2007) . An increase in the number of neural precursors that can deviate from their canonical route in response to PSA removal could provide a valuable tool in the treatment of brain injury or neurodegenerative diseases.
Materials and Methods
Animals. Two-month-old BALB/c mice (Charles River Laboratories) or NCAM-null mutant mice (C57BL) (Cremer et al., 1994) were used throughout the study. Mice were kept under controlled temperature, and food and water were available ad libitum. All experimental procedures were performed according to National Institutes of Health and institutional animal use guidelines.
EndoN treatment and BrdU labeling. Animals were anesthetized with sodium pentobarbital (10 mg/kg) and injected with either 1 l of PBS or 1 l of endoN (10 units/l) in the lateral ventricle over a 10 min period. endoN is a phage enzyme that specifically cleaves ␣2,8-linked sialic acid polymers and diffuses rapidly in tissues, selectively removing PSA (Vimr et al., 1984; Hallenbeck et al., 1987; El Maarouf and Rutishauser, 2003) . A single injection of endoN in the adult brain removes PSA broadly within 2 d and remains effective for at least 3 weeks (Ono et al., 1994) . The injections were performed with a 50 m tipped, fine-glass capillary at coordinates, from bregma: posterior, 0.8 mm; lateral, 0.8 mm; ventral to the surface of the brain, 1.8 mm. Both hemispheres were injected. Ten days after the intraventricular injection, animals were injected intraperitoneally with BrdU (Sigma-Aldrich; 50 mg/kg body weight dissolved in 0.1N NaOH, 0.9% NaCl) and killed at different time points (4 h, 3 d, and 10 d from the BrdU injection). For analysis of cell differentiation at longer time points, animals received a total of six injections (twice daily, 4 h apart, over 3 consecutive days) and killed 21 d after the end of treatment. At specific time points, animals were deeply anesthetized and perfused through the heart with PBS and 4% paraformaldehyde in 0.1 mol/L phosphate buffer (PB), pH 7.4. Brains were removed and postfixed overnight at 4°C in 4% paraformaldehyde. Brains were sliced in a vibrating microtome (Pelco-101, Ted Pella) in 40-m-thick sagittal sections.
Immunohistochemistry. For BrdU immunofluorescence, free-floating sagittal sections were pretreated with 2N HCl for 30 min at 37°C to denature DNA, rinsed in 0.1 M borate buffer, pH 8.5, and thoroughly washed in Tris-buffered saline (TBS; 50 mM Tris-HCl, pH 7.4, 150 mM NaCl). Sections were then blocked in 0.1% Triton X-100, 5% donkey serum in TBS for 30 min at room temperature (RT) and incubated 48 h at 4°C with different antibodies: rat anti-BrdU (1:300, AbD, Serotec), ϩ cells in the RMSp after PSA was removed was accompanied by a decrease in the number of cells that reached the OB, suggesting that cells are failing to migrate tangentially toward the olfactory bulb. It cannot be determined whether the increase in the number of cells in endoN-treated mice at 4 h compared with controls is due to cell retention or increased cell proliferation, and may in fact reflect a mixture of both phenomena. Values are the mean Ϯ SEM; ***p Ͻ 0.0001, ANOVA (4 h: ϪendoN, n ϭ 3 mice; ϩendoN, n ϭ 3 mice; 3 and 10 d: ϪendoN, n ϭ 5; ϩendoN, n ϭ 6 mice). Scale bar, 200 m.
Cruz Biotechnology), guinea pig anti-doublecortin (DCX) (1:400, Millipore Bioscience Research Reagents), mouse anti-GABA (1:400, Sigma), rabbit anti-GFAP (1:700, Abcam), mouse anti-nestin (1:200, DSHB), mouse anti-NeuN (1:400, Millipore Bioscience Research Reagents), and mouse anti-Tuj1 (1:100, Abcam). For PSA immunofluorescence, freefloating sections were rinsed in PBS, blocked in 5% goat serum in PBS for 30 min at RT, and incubated overnight at 4°C with mouse IgM anti-PSA (1:1000, 5A5). Sections were then washed twice with PB and incubated with secondary antibodies: Cy2-, Cy3-, and Cy5-conjugated donkey antibodies (1:400, Jackson ImmunoResearch). For PSA, a Cy3-conjugated goat anti-IgM was used (1:500, Jackson ImmunoResearch). For DCX, a biotin-conjugated donkey anti-guinea pig antibody was used followed by incubation with Cy3 or Cy5 streptoavidin (1:400, Jackson ImmunoResearch). All incubations were performed for 2 h at RT, and sections were washed twice in PB. Some sections were incubated for 10 min with TOTO-3 iodide (1:1000, Invitrogen) before treatment with 1 g/ml RNaseI (Promega). Sections were mounted in Mowiol (Calbiochem).
Terminal deoxynucleotidyl transferase-mediated biotinylated UTP nick end labeling staining and annexin V labeling. Apoptosis was detected by the terminal deoxynucleotidyl transferase-mediated biotinylated UTP nick end labeling (TUNEL) method, according to manufacturer's instructions (GenScript). Labeled samples were treated with diaminobenzidine (DAB) to visualize positive apoptotic cells. Both positive and negative controls were included in the test. Sections were counterstained with Nissl stain, and the number of positive cells was analyzed under a light field microscope. For annexin V labeling, free-floating sections were rinsed once in PBS, blocked in 5% goat serum without Triton X-100 for 30 min, and incubated overnight at 4°C with anti-annexin V antibody conjugated to Alexa Fluor-488 (1:50, Invitrogen).
Quantification and imaging. One in three sagittal sections along the mediolateral axis of the brain was analyzed for each immunolabeling. Digital images were collected by a Zeiss LSM 510 laser-scanning confocal microscope with three lasers (Argon 488, HeNe 543, and HeNe 633) with a c-Apochromat 40ϫ objective (water immersion). For BrdU quantification alone, positive cells were counted in defined regions of the brain; RMS, corpus callosum, cortex, striatum, and OB. Only brain sections encompassing the SVZ-RMS axis were considered, and the entire region was taken into account. Sections more lateral or more medial to the RMS were not taken into consideration. The RMS was divided in two regions: the caudal portion of the RMS (RMSp) proximal to the SVZ; and the rostral portion of the RMS (RMSob) right before entering the OB. The total number of cells counted on both hemispheres was averaged and normalized to the volume analyzed (number of BrdU ϩ cells per cubic millimeter). For BrdU doublestaining analysis at 10 and 21 d, confocal z-scanning was performed at 0.8 m intervals through the entire z-axis (20 -40 m) with a pinhole of 1 m. Double-labeled cells were analyzed in single optical planes through the entire z-axis. Eighty to 150 BrdU ϩ cells were analyzed (total number of animals: 10 d, n ϭ 6; 21 d, n ϭ 5), and the percentage of doublelabeled cells from the total BrdU ϩ cell population was quantified. For BrdU/DCX ϩ cell quantification, the number of positive cells in the corpus callosum and striatum was estimated from the quantification of the percentage of double-labeled cells and the total number of BrdU ϩ cells present in each region. Approximately 50 cells were analyzed for each treatment (total number of animals; ϪendoN, n ϭ 3; ϩendoN, n ϭ 3).
Statistical analysis. Data are presented as the mean Ϯ SEM. Comparisons were performed using Student's t test and one-way ANOVA followed by post hoc Bonferroni test. Differences were considered significant at *p Ͻ 0.05, **p Ͻ 0.01, and ***p Ͻ 0.0001.
Results

EndoN injection into the lateral ventricle removes PSA and alters the structure of the RMS
To analyze the effect of PSA removal on neuroblast migration and differentiation, the lateral ventricle of adult BALB/c mice was injected with endoN. PSA immunofluorescence studies confirmed that the injection of endoN removed PSA from the brain (Fig. 1) . Immunostaining of brain sections with DCX, a protein expressed by migrating neuroblasts, showed that removal of PSA loosened the compact and aligned organization of neuroblasts in the RMS (Fig. 2a,b) . The pathway had a wider diameter, and (Fig. 3b) and the increased number of cells outside the RMS. c-f, High-magnification image of BrdU staining in the cortex and striatum. Many positive cells can be seen in both areas after PSA has been removed (b, d, f ). The dotted line outlines the corpus callosum in c and d, and the RMS in e and f. g, h, Quantification of BrdU ϩ cells in the cortex (g) and the striatum (h) at different time points. An increase in the density of BrdU ϩ cells was seen over time when PSA was removed. Values are the mean Ϯ SEM; *p Ͻ 0.05, ***p Ͻ 0.0001, ANOVA (4 h: ϪendoN, n ϭ 3 mice; ϩendoN, n ϭ 3 mice; 3 and 10 d: ϪendoN, n ϭ 5 mice; ϩendoN, n ϭ 5 mice). cc, Corpus callosum; ctx, cortex; st, striatum. Scale bar, 100 m.
individual cells altered their morphology from an orderly, tangential orientation to a tangle of cell bodies and less organized processes.
In the intact RMS, astrocytes ensheath the migrating neuroblasts, seemingly separating them from the surrounding tissue (Peretto et al., 1997) . GFAP immunostaining of endoN-treated animals showed a disruption of this tube-like structure, with an increase in the number of astrocytic processes not aligned in the direction of neuroblast migration (Fig. 2c,d ). These disorganized processes were often thicker and shorter than in control animals.
Migration of neuroblasts is altered in the RMS of endoN-treated brains
In previous studies, the effect of PSA or PSA-NCAM removal on the RMS was assessed by observing the total number of cells in this structure, for example by Nissl staining. Here, to visualize dividing neuroblasts, PBS or endoN-treated brains were injected with BrdU. The animals were killed at different time points (4 h, 3 d, and 10 d after the BrdU injection), and the density of BrdU ϩ cells determined in the caudal region of the RMS. The density of BrdU-labeled cells in the normal RMS decreased with time ( Fig.  3a) , as would be expected from their known rostral migration toward the olfactory bulb (Lois and Alvarez-Buylla, 1994) . These data also agree with previous reports using BrdU labeling (Alonso et al., 1999; Decker et al., 2002) . Similarly, the observed increase in the numbers of BrdU ϩ cells in the RMS of endoN-treated brains relative to controls at each time point (Fig. 3a) is consistent with an inhibition of migration (Ono et al., 1994; Petridis et al., 2004) . The marked decrease in the values obtained for the endoN-treated animals by day 10 suggested that the effects of PSA removal delayed rather than blocked migration. It was therefore anticipated that the analysis of PSA-negative caudal RMS (RMSob) (Fig. 3b) (Fig. 3b) .
Large numbers of BrdU-labeled cells are present outside the RMS in endoN-treated brains When brain sections were analyzed for BrdU staining outside the RMS 10 d after the BrdU injection, a large increase in the density of positive nuclei was seen after PSA had been removed (Fig.  4a,b) . Detailed analysis revealed many positive cells in the cortex and striatum that were not seen in control animals ( Fig. 4c-f ) . The quantification of BrdU ϩ cells at different time points showed an increase in the number of cells over time (Fig. 4g,h ). Analysis of cell proliferation outside the RMS (4 h) did not reveal any difference in the number of BrdU ϩ cells between control and endoN-treated brains, indicating that the presence of ectopic BrdU ϩ cells in these areas at 10 d was not attributable to increased cell proliferation (Fig. 4g,h ). Differences in apoptosis between PBS-and endoN-injected brains were not observed in sections analyzed for TUNEL staining and annexin V labeling (Fig. 5) To further characterize this phenomenon, the cellular structure of the RMS and its immediate surroundings were examined in closer detail at 3 d, at which time many BrdU ϩ cells still appeared to be retained in the PSA-negative RMS. As described previously, a disorganization of the RMS occurred with endoN treatment (Fig. 6a-e) . Neuroblasts could be seen streaming out of the RMS, well into the surrounding tissue (Fig. 6d,e) , including the striatum (Fig. 6f,g ) and the corpus callosum (Fig. 6h-k) . Moreover, many of these neuroblasts appeared to be aligned orthogonal to their natural direction of migration (Fig. 6a,b) . When the density of double-labeled BrdU/DCX ϩ cells per cubic millimeter at 3 d was analyzed by z-scanning confocal microscopy, an increase in the number of cells was observed for both the striatum (ϪendoN ϭ 1.6 Ϯ 0.65 cells vs ϩendoN ϭ 36 Ϯ 15.3 cells) and the corpus callosum (ϪendoN ϭ 12.05 Ϯ 3.6 cells vs ϩendoN ϭ 183 Ϯ 59.9 cells; p Ͻ 0.05, Student's t test).
Neuronal differentiation of neuroblasts in the cortex and striatum
Immunofluorescence studies with a variety of cell type markers were used to examine the fate of the BrdU-labeled cells that had appeared in the cortex and the striatum at 10 and 21 d. Labeled cells were analyzed by z-scanning confocal microscopy, and the percentages of double-labeled cells quantified. Immunostaining for BrdU and the neuronal marker NeuN revealed the presence of double-labeled cells in the cortex (Fig. 7a,b) and striatum (Fig.  7f,g ) of endoN-treated animals. A slight increase in the percentage of BrdU/NeuN ϩ cells was observed at longer time points, consistent with progressive differentiation (Table 1) . In control animals, BrdU/NeuN ϩ cells were rarely found in the striatum and were absent in the cortex.
Because the majority of neuroblasts that normally reach the OB differentiate into GABAergic neurons (Lledo et analyzed the ectopic neurons for GABAergic markers. Some of the BrdU/NeuN ϩ cells in the cortex were positive for GABA (Fig.  7e, Table 1) , and, interestingly, most of the cells were positive for the calcium-binding protein calretinin (Fig. 7c,d , Table 1 ). The fact that there were more calretinin ϩ cells than GABA ϩ cells may be due to differences in immunofluorescence sensitivities or to differences in cell population. None of the BrdU ϩ cells were positive for tyrosine hydroxylase (TH) or the calcium-binding protein calbindin (Table 1 ). The absence of TH expression could reflect a lack of input from the environment (Baker, 1990) , whereas the absence of calbindin expression may reflect the relatively short experimental time course of our study (Dayer et al., 2005) .
The BrdU/NeuN ϩ cells in the striatum did not express any of the GABAergic markers. Interestingly, many BrdU ϩ / Tuj-1 ϩ or BrdU ϩ /DCX ϩ cells were seen in the cortex and striatum after 21 d (Fig.  7h, Table 1 ), indicating that they had remained in an early differentiation state. The phenotype of the remaining BrdU ϩ cell population remained unclear. Only a small percentage of cells were positive for the astrocytic marker GFAP (Table 1) or for the oligodendroglial marker CNPase (data not shown). It should be taken into account, however, that only very clearly double-labeled cells in orthogonal projections through three-dimensionally reconstructed BrdU ϩ cells were considered. Thus, the values obtained could underestimate the frequency of differentiated cells.
NCAM-deficient mice have an altered RMS but no evidence of cell migration out of RMS
It has been shown that NCAM-deficient mice also have a thicker RMS due to the reduced ability of neuroblasts to migrate tangentially toward the OB (Ono et al., 1994; Chazal et al., 2000) , and these animals exhibit some disorganization in their RMS and glial cell morphology . As expected, DCX and GFAP immunostaining of NCAM Ϫ/Ϫ brain revealed a very wide RMS with disorganization of the chain-like structure of neuroblasts, a less compact and less aligned arrangement of astrocytes, and a massive number of BrdU ϩ cells along the RMS (Fig. 8a-g ). However, in contrast to the results of PSA removal from NCAM by endoN, the NCAM-deficient animals did not exhibit an increase in the number of BrdU ϩ nuclei in the striatum, cortex, or corpus callosum after 10 d (Fig. 8h-j) . This surprising finding both emphasizes the uniqueness of the process underlying the neuroblast dispersion observed in the PSA-deficient environment, and points to NCAM as a critical player in that process.
Discussion
The initial goal of this study was to analyze the differentiation state of neuroblasts retained in the adult RMS of PSA-depleted mice and to compare them with their normal fate in the OB. Earlier observations suggested that enzymatic removal of PSA in the adult had similar effects on neuroblast migration to those -e) , the striatum (f, g), and the corpus callosum (h). e, Higher magnification of the panel outlined in d. i-k, Double immunofluorescence labeling of BrdU (green) and Nestin (i, red) or TuJ-1 (j, k, red) of sagittal sections of the RMS and the corpus callosum. An alteration in the orientation of neuroblast chains was observed after PSA was removed (e). Many neuroblasts seemed to be aligned orthogonally to the normal direction of migration and extended into the surrounding tissue either into the striatal matrix (f, g) or the corpus callosum (h-k, arrowheads). cc, Corpus callosum; ctx, cortex; st, striatum. Scale bars: a-d, f-k, 50 m; e, 20 m.
observed in NCAM mutant mouse (Ono et al., 1994; Hu et al., 1996) . However, the present study using BrdU labeling shows that these two PSA-negative animals differ in several aspects. Most conspicuously, the small OB in the NCAM mutants results from a reduced ability of cells to migrate tangentially within the RMS, whereas in the endoN-treated animals it results additionally from dispersal of the cells from the RMS into surrounding brain regions (Fig. 9) . In contrast, the differentiation state of the cells is reminiscent of that which they exhibit in the OB. The following discussion focuses on the possible mechanisms underlying these observations: at the cellular level for RMS astrocytic tubes and migrating neuroblasts, and at the molecular level for PSA and NCAM. In the RMS, enzymatic removal of PSA in the adult causes a major disorganization and disruption of normal neuroblast and astrocyte alignment. On the other hand, the genetic deletion of the NCAM gene results in a widening but otherwise relatively mild disorganization of the RMS with cell processes remaining aligned in the direction of tangential migration Decker et al., 2002) . These findings support our suggestion that the migration characteristics of the RMS are profoundly altered by removal of PSA alone. The fact that in endoN-treated brains the dispersed distribution of BrdUlabeled cells increases with time, in terms of both numbers and distance from the RMS, is also consistent with progressive movement of these cells out of and away from their normal pathway. In addition, the alternative that these cells arise by a diffuse pattern of NCAM-induced cell proliferation is not likely given that the total numbers of BrdU-labeled cells did not increase detectably in our experiments, and the fact that enhancement of cell division has not been observed in other studies using either endoN-treated or NCAM-deficient mice (Ono et al., 1994; Chazal et al., 2000; Decker et al., 2002) . The finding that endoN treatment can enhance cell dispersion from the RMS is in sharp contrast to the many systems in which PSA removal has been found to decrease cell or axon migration (Rutishauser, 2008) , suggesting that the present phenomena are more complex than a direct effect on migration-promoting interactions among the RMS cells. Two possibilities that are consistent with our findings are (1) an alteration of astrocyte behavior/ morphology that could disrupt containment of neuroblasts or support neuroblast dispersion and (2) an NCAM-dependent triggering of neuroblast differentiation that includes new PSA-independent migratory properties.
The observed major changes in astrocyte morphology (in addition to being misaligned, PSA-negative RMS astrocytes generally had shorter, thicker processes) might suggest that confinement of the neuroblasts by a glial tube has been compromised. However, it seems unlikely that neuroblast dispersal in the endoN-treated animal is simply a case of porosity, in that the NCAM mutant, which also has a dramatically loosened RMS architecture, does not display this type of migration pattern. On the other hand, the alignment of the astrocytes and dispersing neuroblasts in the endoN-treated brain could be indicative of a supportive relationship in the dispersion process.
There is clear evidence that NCAMmediated cell interactions in the absence of PSA can result in cell differentiation (Amoureux et al., 2000; Decker et al., 2000; Seidenfaden et al., 2003; Petridis et al., 2004; Angata et al., 2007; Röckle et al., 2008) . Does the observed effect of endoN on neuroblast dispersal reflect a differentiation-linked event? In support of this hypothesis, it may be noted that radial migration of cells In the absence of PSA-NCAM, cells failed to migrate to the OB and accumulated along the RMS, whereas when PSA was removed cells dispersed from the RMS into the surrounding tissue, where they maintained their ability to differentiate into neurons. The large difference in BrdU ϩ cell distribution is accompanied by more subtle differences in the organization of the RMS. NCAM-deficient mice show a partially disorganized astrocytic tube-like organization, maintaining part of the structure seen in control RMS, where neuroblasts are arranged in chains aligned parallel to the direction of migration. When PSA is depleted the overall organization of the RMS is disrupted. lv, Lateral ventricle.
in the OB (Whitman and Greer, 2009 ) and developing cerebellum (Hatten, 2002) occurs precisely when PSA expression is downregulated. In this respect, it is interesting to speculate that the expression of PSA in vertebrates (but not invertebrates) represents not only an enhancement of long-range postmitotic migration, but also a delay in differentiation until these cells have reached their proper positions (Rutishauser, 2008) . Thus, removal of PSA from the RMS may in part be revealing a cryptic, perhaps vestigial, cell contact-dependent differentiation signal for neuroblasts.
The ability of either PSA removal or NCAM deletion to increase migration of neuroblasts toward a demyelinating lesion in the corpus callosum has been reported previously (Decker et al., 2002) , indicating that under certain circumstances the lack of PSA may be permissive for migration. Interestingly, the enhanced migration in this study occurred both in the presence and absence of NCAM, in contrast to our results with the NCAM-deficient mice. This difference may to be due to differences in the environment caused by the lesion.
Some of the BrdU ϩ cells present in the cortex of PSA-depleted mice are able to acquire a neuronal phenotype, including calretinin ϩ GABAergic interneurons reminiscent of their normal fate in the OB. However, newly generated cells in the normal adult rat cortex also differentiate into GABAergic interneurons that express calretinin and calbindin (Dayer et al., 2005) . A positive effect of NCAM on calretinin ϩ differentiation of SVZ neural precursors has been found both in culture (Röckle et al., 2008) and in STSiaII/STSiaIV knock-out mice (Angata et al., 2007) . In any case, many of the BrdU-labeled neuroblasts did not express mature neuronal markers, and it is not clear whether they are unable to differentiate or require more time to establish these fates.
Finally, several studies suggest that small numbers of adult rat SVZ-RMS neuroblasts are able to migrate into the striatal matrix (Dayer et al., 2005) ; in some cases in response to injury and with possible therapeutic value (Magavi and Macklis, 2001; Arvidsson et al., 2002; El Maarouf et al., 2006; Zhang et al., 2007; Faiz et al., 2008) . In this respect, one can view the present results with enzymatic removal of PSA as a potential tool for enhancing the recruitment of progenitors to a lesion and thus the potential for repair.
